domains 1 and 2 of AlkA consists of the ␣C helix (residues 89-99), which packs against domain 3, followed by an extended strand that is mostly buried in the protein interior (residues 100-112; Figures 3A and 3C) . Domain 2 is a globular bundle of seven ␣ helices (␣D through ␣J; residues 113-230) with an extensive hydrophobic core (Figures 3A-3C ). Several prominent loops connect the helices of domain 2. A pendulous loop joining helices ␣E and ␣F inserts between the ␤-CD loop and strand ␤B of domain 1 ( Figure 3B ). This EF-loop has a left-handed twist that is stabilized by interstrand hydrogen bonds at the crossover point, and the tip of the EF-loop protrudes almost at right angles to the ␤-sheet surface, exposing three acidic residues to solvent (Asp-147, Asp-148, Glu-151). A second compound loop connecting ␣H and ␣I of domain 2 packs against the surfaces of ␣D and ␣J through nonpolar interactions ( Figure  3A) . Helices ␣I and ␣J and the intervening type II ␤ turn form a conserved motif termed the helix-hairpin-helix (HhH), which is the binding site for thymine glycol in crystals of Endo III (Thayer et al., 1995) . The residues comprising the hairpin of the AlkA HhH, -Phe-212-Pro-213-Gly-214-Ile-215-, are held in place by the insertion of Ile-215 into a crevice between ␣D and ␣H. In addition, Figures 3A-3C). The ␣C helix packs against ␣M primarily through hydrophobic interactions, completing the fourhelix bundle of domain 3. A prominent cleft separates multiwavelength anomalous diffraction from crystals of domains 2 and 3 of AlkA, and few contacts are made selenomethionine-substituted AlkA protein (Table 1) .
between domains 1 and 3. Domain 1 serves as a platform The model of the two AlkA protomers (282 residues that accepts the other two domains of the protein. each) in the asymmetric unit has been refined to a crysNonpolar residues occupy most of the buried surface tallographic R-factor of 0.20 at 1.8 Å resolution (R free ϭ between domains 1 and 2 (1868 Å 2 of buried surface), 0.27) with tight restraints on protein geometry. Reprewith a few notable exceptions. Two buried argininesentative 2F o-Fc difference electron density calculated glutamic acid salt bridges join ␣E of domain 2 with from the refined structure is shown in Figure 2 .
strands ␤B and ␤C of domain 1. An extensive network AlkA is a compact globular protein consisting of three of hydrogen bonds between these residue pairs fully roughly equal-sized domains with overall dimensions of satisfies their bonding potential within the hydrophobic approximately 50 Å by 45 Å by 25 Å . The amino-terminal core of the protein. One of these arginine-glutamic acid 88 residues of the protein form a mixed ␣-␤ structure pairs is partially exposed to solvent via a small pocket with a five-stranded antiparallel ␤ sheet flanked by two in the protein located above helix ␣B in Figure 3A . A ␣ helices (Figures 3A-3C) . The shape and topology of cluster of water molecules occupies this pocket in both domain 1 are very similar to those of the conserved molecules of the crystallographic asymmetric unit. Sevtandem repeat of the TATA-binding protein (Nikolov et eral other charged residues decorate the rim of this al., 1992; Y. Kim et al., 1993; J. Kim et al., 1993) . This surface depression, including the exposed residues of similarity in domain structure probably is a consequence helix ␣B (domain 1) and residues of the EF-loop (domain of a preferred ␤-sheet/␣-helix packing arrangment 2) described above. The interface between domain 3 and rather than any common function of this fold in AlkA and domain 1 is less extensive than that involving domains TATA-binding protein. Helix ␣A of domain 1 contacts the 2 and 1, suggestive of a flexible connection between BC-loop and strand ␤D through hydrophobic interacdomain 3 and the rest of the protein. Although most of tions. Helix ␣B lies across the curved surface of the ␤ the solvent-inaccessible surface of domain 3 consists sheet where it is anchored by hydrophobic interactions of hydrophobic residues, a partially buried histidine of with the underlying strands. The exposed surface of ␣M (His-270) bridges between a main chain oxygen of helix B is decorated with charged and polar residues ␣C and a neighboring main chain oxygen of ␣M. This that face a surface depression bordered by ␣B, ␣D, electrostatic interaction further stabilizes the packing of ␣C with the rest of domain 3. and ␣F ( Figure 3A) . The peptide segment connecting Consistent with this notion, we have observed that equilof the substrate (Davies and Henrissat, 1995). Such reactions typically take place in a cavity on the enzyme, so ibration of AlkA crystals with several methylated purine bases or nucleosides either cracks the crystals or inas to desolvate the reacting partners and align them stereochemically. The surface of AlkA contains two duces significant changes in the unit cell dimensions. prominent cavities, a hydrophilic pocket containing the R37/E115 salt bridge (described above), and a hyCatalytic Activity and DNA-Binding Properties of AlkA drophobic cleft that lies at the interface of domains 2 and 3 ( Figure 3D ). Remarkably, almost 800 Å 2 of nonpolar Enzymes that catalyze glycosyl transfer reactions deliver an activated nucleophile to the anomeric carbon surface area within the cleft is left exposed to solvent. The cleft also contains several charged residues, Arg-22, Asp-237, and Asp-238. Arg-22 and Asp-238 project into the hydrophobic cleft, whereas Asp-237 lies on the periphery ( Figure 3D ). Reasoning that a side-chain carboxylate might participate in catalysis, we mutated Asp-237 and Asp-238 individually to Asn and measured their Figure 1) ; hence, it MAG glycosylase has regions of limited homology; howseems likely that the enzyme recognizes methylated ever, no sequence similarity is apparent between AlkA bases through some alternative mechanism. The unifying feature of the alkylated bases processed efficiently and the plant or mammalian enzymes.
The protein data bank was searched for structurally related proteins by comparing the interresidue (C␣-C␣) distances of AlkA with those in proteins of known structure (the DALI server; Holm and Sander, 1993). As noted above, the structure of domain 1 is similar to that of the conserved tandem repeat in TBP (Nikolov et al., 1992) . A more striking similarity was found for domains 2 and 3 of AlkA, which correspond in fold and topology to a large portion of E. coli endonuclease III (Figure 5) Figures 6A and 6B) . Another point of difference is the N-terminal domain of AlkA, which has no counterpart in Endo III. This domain walls off one end of the AlkA aromatic cleft, to which it contributes Phe-18 (Figure 4) . It is notable that the S. pombe 3-methyladenine DNA glycosylase also lacks a segment homologous to the N-terminal TBP-like domain of E. coli AlkA protein (Memisoglu and Samson, 1996) . lase cDNA whose gene maps to chromosome 11. Carcinogenesis the atomic B-factor correlation is that calculated using X-PLOR.
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